Observation and Mass Measurement of the Baryon $\Xi^-_b$ by Aaltonen, T. et al.
Observation and Mass Measurement of the Baryon Ξ− b
T. Aaltonen, A. Abulencia, J. Adelman, T. Affolder, T. Akimoto, M. G.
Albrow, S. Amerio, D. Amidei, A. Anastassov, K. Anikeev, et al.
To cite this version:
T. Aaltonen, A. Abulencia, J. Adelman, T. Affolder, T. Akimoto, et al.. Observation and Mass
Measurement of the Baryon Ξ− b. Physical Review Letters, American Physical Society, 2007,
99, pp.052002. <10.1103/PhysRevLett.99.052002>. <in2p3-00166636>
HAL Id: in2p3-00166636
http://hal.in2p3.fr/in2p3-00166636
Submitted on 8 Aug 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de









la365(SULTR@BLmC E_^ 5a3A5(>A7ZnX:k7?n_n<foGC ^=D4p 3A5>LT]?@B@JoGC Vh 5F365(>><foﬀLmC Vq Pj3A5(>:_<ZnJC VXO `b3j5<?]ﬀLmC ^_^ cQ3j5rj<Z8;8TL;>j79[_LsC VXh 243j5([_LTn_7teu7AC ^_h
5F3v5([=:=LT]?<foGC VX^4w 3v5nxSy7?>An]f7ZnBC VXh 5F3G5u::_7?8sC E 5a365I[_LTn_79><jC ^_EFz 3G5({M|}7?[JC OkDa~ 3G5({B{JL7?KJKkx@M:=:_7C OkEF~ 3j5{B{BIA[=[_LsC Ok
F3A7ZKBKkx@B::_7AC OkE4w 3j7ZR
?@B::JC Vh 5F3A79[_HA7?[=<?c47?8:_L;@J[=LmC D_q 3 (3A79[_>@nBC O_Ł 3 5F3j7?[=>@B::C D_^ iG3A79[_<?LN79>:C h 3ju7?[:kn=Kkx!C EV
cQ3G79I@J[JC E=E0~ 3 F36u@J79IjKkx@BSULT>C E=O0z 3Gu@JR
@n=KkxLmC O_ iv3Gu@JxA79[_LsC D_^ cQ36u@J8;8T@M:=:=LT>LsC Ok Pj3ju@B8T8TL;>Z@B[C ^_q 5a36u@J8;8T<?>LmC E=E
la36u@B>f7?SQLT>C VX 5F36#@J[=@B:=of7?nJC VXh Pj3ju@B[_LT>?@J[JC D=q 2436u@B[_[=GC E\ 5a36uxA79::=LmC ^\ `3juL;>A]8T@BGC VXh la3GuLTn=@B8T8;<jC OkEg 36#LT{X7?]GC EV





@J]GC Okqg 36u<?LNnoZ@B[=:JC O_q cQ3Gu<?8T8T7AC OkŁ 5F36u<?8Nnx<foGC E=E
l036u<Z[:_<?8T@M::_<AC O_Ł PA3Gu<?IAR
[_@J7?IC O_h 5a3v#<foZ@BLN7C V\ 3Gu[_7?IC VX\0 36u[_L;Z8;LN7?R<?[_LsC ^a 36u[_<?S0Hj@J[=jC E_ (3Gu[=IHj79]?@J[JC VE
PA3AuIARA79?<foGC VX^ a3 iv3juIARRvC Okq iG36#IjRRvC DOap 36uI[=]Z@M:=:JC VXh cQ36uIAn@B::_<AC O_EF~ 3j#Ijn=n=@BGC DkV 5a3juI{7f:=I!C E=Oap 3  3juﬀ[=IASC D
iv3  79HA[=@J[_7C
V `b3  79SUrA7?>@B8T8TLsC
D\ `b3  7?SUrHj@J8;8mC
E=^
z 3  79>A@B8T8;LmC
Vh 5a3  7?>@BrA7AC
Ok^ iG3  79[_[_L;8T8;<C
VXŁ l03  79[_8Tn=SUL:_xC
^_q
g3  7?[=<nLmC O_ iG3  79[_[=<Z>C E=O 3  7?n_798mC V=V `b3  7?n_79[kn=7AC ^=O 5F3  7?n:=[_<AC ^g~ 3  7f:k7?n:=LT>LmC Ok la3  79IA{?C ^O `3  7tof798T8;L;Xi|<?[_{J7AC E
5F3  @B[_[=LmC D_qg 3  @J[=[_L;:=<ZaC EV iG3 F3  xA79>jC D_Ł 3  3  x@J>C V `b3  x@J[:_<?]GC h cQ3  xALT7?[=@J8;8TLsC Ok cQ3  x8N7?KkxLNR
{B@ZC Vh4z 3  x8T@BHA7?>A7C VXh
 3  xA<AC D=Łgp 3  xA<AC D=Ł l03  xA<?]ﬀx@B8TLmC V^ PA3 ~ 3  x<ZIC D=D cQ3  x<?IjR798N79]ﬀLNnBC E=E iG3 F3  xﬀIA79>jC ^_Dgp 3  xﬀI>jC VDgw 3 F3  xIA>AC ^=q
 3 iv3  xﬀI>jC Okq `b3  LT8TL 7?]6C Oka 3  3  L;<ZHA79>ﬀIC DO `3 5a3  L;<
KJKMLmC Ok 5F3  8T7?[=]GC D\ l03  8N79[_]GC  `b3  <ﬀKJ7C VX cQ3  <?SUr6<Zn:=@B8T8N7C O_E
`3 3  <Z>oZ@B[_GC ^=\ Pj3  <Z>ﬀeu7tGC h 3  <ﬀ<Zrj@J[JC EkVFp 3  <ZrLNK9C E=^ `b3  <?[kR
@B8T8TLsC VXq cQ3  <?[=:=LN79>A7AC OkEaz 3  [=@n=KBL;<Z8;LmC O_
 3  I@J>AKB75(8TSQ@J>A79[
























































































































































































































































































































































































































































































































































































































































































































































































































































  3j@JKMIA8T7AC VQ 36(@BI!C Ok^ `b3diG36(@BIAHA79I@J[JC q Pj3jL;@J8Tn=@B>GC D_qa 36(<
R
I8TSy79>C D 03j(<?[_>LT@B8T8T7AC E (3jI[kn@ZC EV iG3 F3vxC V
 3 l03!xC D=Ła 3]
n=I{BLN79>!C VŁ 243!]ﬀIAn=7te7C OMV g3v8NR
@JSU7?>C E\ g3[_7tof7C D_EFp 3vn:=@J[=H6@B[_AC D_E0 3 ~ 7??8TLT7?[=<Z>@?C Ok
(3 ~ 798T@B>AKBLT7AC V_V 3 ~ 79rA7ZR
LTSQL;:=[_LT<?IC VXh 5F3 ~ 79rA7?L;]Z<?><ZSQ<ZIC D= 5F3 5F3 ~ 7?[_7?SQ<Z><foGC VE 3 ~ 7?[=]
nJC E_q iG3 ~ 7?n=xA79r6<?I[C EO
PA3 ~ 79:=[_LTKk]GC VXh cQ3 ~ 79I8T@M:=:_7C ^=O `b3 ~ 7?I8;LT>LmC VDa 3 ~ 7?IAnBC E_E la3 (3 ~ @J8;8T@M:=:JC h 5F3 ~ @B>{J<AC ^O 243 PA3 ~ xLT8;8TLTrAnBC V cQ3 ~ LT7ZKM@B>:_L;><jC Ok
PA3 ~ LT@JR
[k7C O_Oa 3 ~ LT>@B[k7C VXŁap 3 ~ L:=:_nJC D=OU 3 ~ 8N79?@J[JC ŁF 3 ~ <?>jR
[=<ZS¨C ^_q 3 ~ <?[=:=@J8;8mC E 03 ~ <ZI]ﬀx<foGC V^ F3 ~ <?I>jR
@B[C OkD
z 3 ~ [_7?]?<nxﬀﬀ>C VX^ 5a3 ~ [=<Z>]?<jC Vh PA3 ~ [_<?IjRﬀ|<ﬀ<9:JC DFz 3 ~ :_<?x<nJC VXq cQ3 ~ I>{JLsC O_ PA3 ~ IA[_n=8;@JGC D_^ Pj36(7ZR
@BSy7ZKk]?@B[¤kC O_D
5F3G(7?xA79Sy79>!C OkhF 36(7?Sy79]ﬀ[=LNn=x>A79>!C ^_q F3v(7?>f79>C OkŁF 3j(@JR
<Z>AR
<AC E_D 36(@BLNn@J[:C Vhg 3G@J]?<foﬀLTK?C E_hF~ 3G@B>:_<?>C O_D
`3j@n=KBL;Z><AC ^kV iG36(LTKkx:=@J[JC D_Fz 3jLTSU<?>AR
LmC ^a 3GLNnX:_<?[_LsC Ok 5F3G<?Hjn<Z>C DV 2436<
R
[=LT?<jC V_V 3j<Z?@B[knJC D=O iG3j(<?8T8;LmC ^_
F3j<n@J[JCWVXhg`36<n=n=LmC ^=OFg3j(<Zn_nLT>CWV\ ~ 36<fGC E=OF5F3GILT{?CWV_VgPj3AIAn_nBCWVD  3GIAn=ICWVXEFa3Gi7?79[_LT]]Z<AC D=E45a36i
79|<?><foGC ^=E
w 3 p 36i
7?]IASQ<?:=<jC Okq cQ36i798N79Sy79>>j7C ^kV 03Gi









Kkx8N79HA7ZKkxC VXh (3 (36i
KkxSULTR










@J8sC E_hg 3viﬀ@JL;7C OV 5a3Gi
@BSU@B><foGC VX^
 36iﬀ@ﬀ:=<?> p @J>>@JR6C Vh 5F36iﬀ|[_8N7C D\ iG3W§3ji




Kkx@M:C VE( 3Aiﬀx<Z>C ^_q 3iﬀx[_@BﬀHj@J[JC D=\ 5a3AiﬀLTR<9:=LmC O_4~ 3iﬀLT>@B[_o?<jC E=O 5a3AiﬀLTn_79]ﬀ79>C VX^ 5F3 PA3Ai
8T7?I?x:=@J[JC Vh
Pj3jiﬀ8N79I>ﬀexL;:=@ZC E_qFp 3ji




@B[_H6@B[_AC E=^ 5a36iﬀ<ZxA7C h iG36i
<?Sy798Teu7?[JC ^_D
 3Giﬀ<?[_L;>!C E_ PA36iﬀrA798NR
LT>AC VhFz 3jiﬀrLT>@B8T8N7C O_ 243Giﬀr[_@BL;:={J@B[C E=OF~ 3jiILT8;8N7?KBL;<?:=LmC Ok `b36i:_7?>L:_{B]ﬀLmC =\ 5F3Gi:_7toZ@B[_LTn ~ <?8T]f7?8T7ZnBC O_
g3Ai:3Al@B>LNnBC DV 3Ai:_@B8T{B@J[JC Ł 03Ai:=@J8;{J@B[=  xLT8;:=<?>!C OkD l03ji:_@B>:={ZC E_Ł Pj3
iﬀ:=[_<?8T<?Z7ZnBC E_h l03ji:=Ij79[=:JC V\ Pj3 iG3Ai
IxC D=Ł 5a3AiﬀI]ﬀxA79>A<fo6C VŁ
a36iﬀIA>C ^_  3GiﬀIAn=8;<foGCWVX^a243jiﬀI{JI]ﬀLsC ^=^05F362 79YG7?[_R
























































































































































































































































































































































ﬂT&UV6? "!>(?ﬂJ6LXW6Kﬃ(QY6? Z(?Qﬃ02[3RQ>S8(ﬂﬂT&:2-ﬀ:L#L !\ﬂ(?!#N]8^_
`G
a








j5Q+6?ﬂ7&:!\gﬂ!\h?&:Q:ﬁ!# "02wN6L  \.t6?9;2;=6ﬃ:681ﬃ.$t&: " "|^F8F%EM_

gﬂ!#h?&:Qﬃﬁ!# "0(+*yO6L ! *M(?Qﬃﬂ!"6?2Łk6?h!#ﬁ2Ł6h!#ﬁ2)O6L ! *M(?Qﬃﬂ!"6GE]8C8]
Jgﬂ!\h?&:Q:ﬁ!# "0(n*O6L ! *M(?Qﬃﬂ!"6?2bW(?3Rﬂ%S&L&:ﬁ2VW(?[3RﬂS&L&:ﬃ2[O6L ! *(?Q:ﬂ
!>6yG^^F_

gﬂ!#h?&:Qﬃﬁ!# "0(+*O6L ! *(?Q:ﬂ
!>6?2<6?ﬂŁI!Z&>S8(?2kW6%(?L#Ll6?2[O6L ! *M(?Qﬃﬂ!"6|G?Ft^G`
YJgﬂ!\h?&:Q:ﬁ!# "0y(+*=O6L ! *(?Q:ﬂ
!>6?2I<J6?ﬂ Z6rjR6?QMKﬁ6?Q+6?2<6?ﬂ
 Z6rjb6?QKﬃ6QY6?2O6L ! *M(?Qﬃﬂ!"6G`%C^8]
Y
ﬀﬃﬂﬁ "!# "$% Z(78&-c/!#ﬁ!>1ﬁ67&rO6?ﬂ
 Z68KQ:!"6?2;O<%ﬀOmgﬂ!#h?&:Qﬃﬁ!# "0=(+*)O6?ﬂ Z68KQﬃ!>6?24`G^8^?Er<6ﬂ Z6?ﬂJ7&:Q:2V<?At6?!#ﬂ
'P
O6?QﬃﬂT&>S?!Z&N&L#Ll(?ﬂgﬂ
!#h?&:Qﬃﬃ!\ "0?2;,i!# " ":K$tQ"S.%2-,3CEFtC?`
+a
fiﬂQﬃ!>1ﬁ(c&:Qﬃ9;!4ﬀﬃﬂ
ﬃ "!\ "$t '&:2rgﬂ!#h?&:Qﬃﬁ!# "0(+*=O.!>1ﬁ6S8(?2[O.%!>1ﬁ6S8(?2Vﬀ:L#L !#ﬂJ(?!#]8^8]`t{
Zu
O(?9&:ﬂ!#$%)gﬂ!#h?&:Qﬃﬁ!# "0?25oM_




%(!#ﬂ Vﬀﬃﬂﬁ "!# "$% '&*(?Q[U4$
1ML&ﬁ6QdHR&:&Y6?QY1ﬃ.2Hgm+C_JCGo%^=ŁV$
Kﬂ62H5$%ﬁﬁ!>6
YﬃŁI$8&gﬂ!\h?&:Q:ﬁ!# "02-ŁV$%Qﬁ.t6?9;2-UV(?Q: \.O6?QY(L !\ﬂ6Ft{8{^?o
ﬁ





W68Kﬁ(?QY6 Z(?Q:!5Uk6M~M!"(?ﬂ6L !b7?!pcQ+6?:1ﬁ6? "!#2Rﬀﬃﬁ "!# "$% Z(dUk6M~M!"(?ﬂ6L&[7?!pc/!#ﬁ!>1ﬁ6UI$






 V6?Q:h6QY7£gﬂ!#h?&:Qﬃﬁ!# "02)O6?9KQﬃ!>7S&:2-=6?ﬁ:681ﬃ.%$%&: " "y^FtC?`8o
PﬃaﬃŁV!#h!#ﬁ!>(ﬂ(+*N 4!S.|fiﬂT&:Q>S?0,/.%0ﬃ!"1ﬃ2;Ł&'At6?Qﬃ "9&:ﬂ (+*[,p.%0ﬁ!>1ﬁ2
gﬂ!#h?&:Qﬃﬁ!# "0=(+*- k&L ﬁ!#ﬂt!I6?ﬂ7d k&L ﬃ!\ﬂt!Rﬀﬃﬂ
ﬁ "!# "$% '&d(+*,p.%0ﬁ!>1ﬁ2bcﬀYUVmn^8^8^C_
2b k&L ﬁ!#ﬂt!#2Xc/!#ﬂJLl6ﬂ7
P+u






!#h?&:Qﬃﬃ!\ "0?2jR6L  "!#9(Qﬁ&:2=6Q:0?Ll6?ﬂ7|FtCF%C?o
P:ﬃﬀﬃﬂ
ﬁ "!# "$% *¤$%Qfz:A
&:Q:!#9&:ﬂ '&L#L&-;&:Q:ﬂ?A















Pﬃ fiQﬃﬂT&:ﬁ ¥iQ:Ll6?ﬂ78(dW6?BQﬁ&:ﬂJ1ﬃ&jb&:Qﬁ8&L&:0NUV6? "!>(?ﬂJ6LW68Kﬁ(?Q+6? Z(?Qﬃ0?2Vj4&:QY8&L&:0?2O6?L ! *M(?Qﬃﬂ!>6GM_{Ft^
aﬁgﬂ!#h?&:Qﬃﬁ!# "0(+*W!\h?&:Q'At((L 2kW!#h?&:QZAt((LXW/]G{JfX2gﬂ!# '&Y7k!#ﬂ%S87(?9
aﬁ gﬂ
!#h?&:Q:ﬁ!# "0O(L#L&>S&W(?ﬂ78(ﬂ2kW(?ﬂ78(ﬂ w=O/CMf ]j@2)gﬂ!# '&Y7=k!#ﬂS878(?9
anP
O/&:ﬂ
 "QY(r7&ﬀﬃﬂh?&:ﬁ "!S8681!>(ﬂT&:fiﬂT&:Q>S&: "!"1ﬃ6;&Y7?!>(6?9-K!Z&:ﬂ Z6L&:;0|@T&Y1ﬂ(Ll(ﬁS?!"1ﬃ6ﬃ2ifXmZFo^_^Nr687?Qﬃ!>7?25<At6?!\ﬂ
aYa =6?ﬁ:681ﬃ.%$%&: " "dﬀﬃﬂﬁ "!# "$% '&r(n*@T&Y1ﬃ.%ﬂ(?Ll(ﬁS?0?2O6?9KQﬃ!>7S&:2I=6?ﬁ:681ﬃ.%$%&: " "=^FtC`G
a'u ﬀﬃﬂﬁ "!# "$% '&(n*,56?Qﬃ "!>1ML&d,/.%0ﬁ!>1=1i!"L#Lgﬂ!#h?&:Qﬃﬁ!# "02=(?ﬂ
 "Q&M6L 2
O6ﬂ68786r I`3 F@o-6?ﬂ7vgﬂ!#h?&:Qﬃﬁ!# "0|(n*@(?Q+(?ﬂ Z(?2@(?Q+(?ﬂ Z(2dO6?ﬂJ68786r=E?<DC3{
aﬁ} gﬂ!\h?&:Q:ﬁ!# "0(+*d!>1ﬃ.%!lS86?ﬂ2;3Rﬂ
ﬂD3RQKﬁ(?Qﬃ2)!>1ﬃ.%!S86?ﬂ_oC8^G







!#h?&:Qﬃﬃ!\ "0?2-fXh6ﬂﬁ Z(?ﬂ2ﬀ:L#L !#ﬂJ(?!#)]8^Ft^?o








u:a gﬂ!#h?&:Qﬃﬁ!# "0(+*[,R678(?h6?2ﬀﬃﬁ "!# "$% Z(yUk6~!>(ﬂ6L&7?!4c/!#ﬁ!>1ﬁ6=UI$
1ML&Y6?Qﬁ&:2
<T&Y~!>(?ﬂ&y7?!k,56878(h6m:@














gﬂ!#h?&:Qﬃﬁ!# "0(+*[,X!\ " "K$%Q"S.%2;,X!# " ":K$%Q>S.2-,R&:ﬂﬂ
ﬁ0L h6?ﬂ
!>6xC?E?Ft]8^
u:ﬁ,X$%QY7$J&gﬂ!\h?&:Q:ﬁ!# "02w)&:ﬁ W6+*6?0&: " '&:2ﬀﬃﬂ7!>6?ﬂ6r_T{?G8^{
u:





ﬀﬃﬁ "!# "$% Z(Uk6M~M!"(?ﬂ6L&r7?!Ic/!#ﬁ!>1ﬁ6U4$
1ML&Y6?Qﬁ&:2<&Y~M!"(?ﬂT&r7?!IH5(?9-6C2
gﬂ!#h?&:Qﬃﬁ!# "0(+*H5(?9&\W6|<6ﬃAJ!Z&:ﬂ%~6?2)ﬀ:mn^8^8C?oEyH5(96?2;ﬀﬃ Z6L 0
}'P






}Zuﬀﬃﬁ "!# "$% Z(rUV6~!>(?ﬂJ6L&)7?!Rc/!#ﬁ!>1ﬁ6U4$
1ML&ﬁ6Qﬁ&:2rgﬂ
















































































































































































































































































































































































































































































































ìf3 5 n=@JKB<?>AR SaIA<?> n=ﬀn:=@JS KM<fo?@J[_n
















































































































































































































































































LT@JR eL:_x 7 `«<?>:=@











































































































































































































































































Sy79[_$oZ@B[=:=@G3 @J7Zn<Z>A79H8T@±o?@J[:_@IA798TL:X LNn 7Zn=n=I[_@JR Hﬀ
r8N7?KBL;> 7 SUL;>AL;S0IS of798TI@b<Z> :_x@7?KJKM@Br:=@JR r[_<?HA7?HLT8;L;:X

ﬁﬀ































































































































































































































































LNR79:=@Jn(L;>±:_x@P4U`±@ >: ì D [_7?>?@4<9|
4T1 AVTE
 





































HLT>A7f:_L;<Z>An4<9|79>ﬀ«rj79[=:=LNKMI8N79[R4 `«@ : ìMDQSy7?n_ngHLT> eL;:=xAL;>






































































































































































































































































`«<?SU@B>:=IAS n=KJ798T@  13   1


















































































































































































[_<?r6@J79>  <?SUSaI>AL:XG nISy79> ~ <9:_@B>:=LN798 ~ [_<?Z[_7?SQSU@   :_x@
i


























































































































































































































































































































































































































































5.4 5.6 5.8 6.0 6.2 6.4
2
Ca
nd
id
at
es
 p
er
 1
5 
M
eV
/c
2
4
6
8
10
)-ΞψM(J/
CH
{
c

Jf}
$%
R2ST
G
I
-O/9+!,7ﬀﬂ-.,!/F"m3=,!))J1s-O)
"ﬀﬂ-.'%8%"ﬂ-O(/;®!ﬀ¸N(3?'	-O/2,Q
"ﬂ-O(/%)b"ﬂ$2,"i)ﬂ,"ﬂ-.)
;nEl"ﬂ$	Z)jON"ﬂ-O!/ﬁﬀﬂ NF8%-Oﬀﬂ35/F"ﬂ)
ch}
$%?ﬃsﬀﬂ N"ﬂ-O(/
!;"ﬂ$	ÖjO-Op[jO-O$	F91#;g8%/	N"ﬂ-O!/#-O)b+[*ﬀﬂjn,7-.1#(/:"ﬂ$	Z1	,"C,
c
